
6.  S T R U C T W  DESIGN EXAMPLE 

General. The following exanple deals with the  s t a b i l i t y  and s t ruc tu r a l  
design only. It w a s  assumed t h a t  t he  s i t e  location had been se lected and 
t h a t  t he  hydrologic data  indicated t h a t  t he  s t ruc ture  should be designed fo r  
a peak discharge of 610 c fs .  The explanation of t he  methods and procedures 
of design a r e  contained i n  t he  example or  referenced t o  t he  corresponding 
sect ions  of t he  Engineering Handbook. 

Hydraulic Design ( ~ e s i g n  Q = 610 c f s ) ( ~  = 12.0 f t )  

Weir dimensions: Try h = 4'-0" and L = 30'-0" and compute capacity 
by equation 3.5 (page 3.7). 

Height of Transverse S i l l  ( s ) :  s = h i  3 = 4.0 + 3 = 1.33'. = 1'-4" 

Apron Length (L*) and Height of Sidewall (J) : (see  ES-67, page 5.3) 

Use sidewall layout shown i n  t he  following layout drawing and 
determine combinations t h a t  w i l l  maintain 2 t o  1 f i l l  s lope with 
1.0 f t .  of f i l l  over upstream edge of headwall extension. 

When J = 8.0 f t ,  ~g = 19.42 f t  

When J = 9.0 f t ,  Lg = 17.42 ft 

When J = 10.0 f t ,  Lg = 15.42 f t  

Select  and use J = 9 ' - O f ' ,  Lg = 17f-3 ' r  

Shape of Sidewall: The sidewall  w i l l  have a l e v e l  top except near 
t he  headwall, where it w i l l  be shaped t o  confine the  nappe. P lo t  the  
path  of t he  upper nappe (see  ES-68, page 6.3) from t h e  c res t  elevation 
t o  t he  l e v e l  port ion of sidewall.  Take dc = 213 h = 2.67 f t  . 



I 
Half -Downstream Elevation Cross-section along C 

Handbook Example 

y\\Q 



DROP SPILLWAYS : DIMENSIONLESS COORDINATES OF WATER 
SURFACES FOR AERATED NAPPE OVER WEIR WITH LEVEL, 
FLUSH APPROACH CHANNEL 

EQUA T ~ N S  

Upper Surfoce o f  nuppe 
= Z./Z Y f0.69 -0.38 w h e n 2 > 6 3  

o'c t 4 
Ldwer Surfoce o f  nappe 

X T =  z . / z g . , ,  W h e n ~ > / O  

The given equohbns d e f i e  the nuppe 
surfoces on/y when the flaw condf/bns 
ore us fo//ows : 

/. Approuch Chumel 1s /eve/ for a 
disfonce o f  3.0 d, upsfream from the we/k 

2. Approoch Chonne/ IS f lush w/;Ch fhe 
wek cres f: 

NOMPNCLA TURE : 

x is +he hor/ionfo/ d/sfunce 
from ar/g/i;, fo noppe surfoce. - ff 

g i5 the verficu/ &fonce /po.sif/'~e) 
dmword f o  n o p e  surfoce. - fif 

d, 15 cr/;fico/ depth of Weir sec fmn. - ff. 

E X A M P L E  : 
Given : Lengfh o f  recfongu/or we/? = /O fif 

Dischorqe of we/? = 100 c. f s. 
Approoch cond/Y/bns ore us shown. 

Find : Horizon fa/ d/sfonce / X I  from we/> 
fuce fo fhe umer n o p e  surfoce, 
o d/sfonce y = /2 feef be/w fhe 
~ e / i  cresf. 8.0 

So/ufion : From E5 - 24 d, = / 456 ft 
5 =/& = 8.25 

from qruph l o r  Eqmhon) 
A. = 

9 ,O 
d, 5. 96 or 

x = /596)(/.456)= 8.68A 
5 0  6.0 Z O  
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crest 3 

I 
Damstream flow: da ail water depth above transverse s i l l ,  t )  

Required depth, t = 4.6 f t  (see f ig .  5.1, page 5.2) 

(d, = 2.67, k = 1.25) 

Allowable velocity (max) = 3.0 fps 
s = 0.00095 f t / f t ,  n = 0.035, sideslopes 3 t o  1 or z = 3 
Try channel bottom width, b = 30 f t  (see ES-33, Section 5, 

Hydraulics ) 

Hydraulic radius, r = 
bd + zd2 - - 30 4.6 + 3 4.62 

b + 2d g G  3 0 +  ( 2  4.6 JK) 



See ES-34, Section 5, Hydraulics 

With r = 3.41, s = 0.00095, and n = 0.033, v = 2,97 f p s  OK 

t + s = t a i lwa te r  depth above apron = 4.60 + 1.33 = 5.93 f t  

Use 6.0 f t  f o r  design purposes 

S t a b i l i t y  qesign: The s t a b i l i t y  of t he  s t ructure  w i l l  be checked f o r  a 
represen ta t ivebay .  The representative bay w i l l  extend 30.83 9 6 = 5.14 f t  
on both s ides  o$ the  center l i n e  of a bu t t ress .  

Design of dra in  and drain  f i l t e r  above s t ruc ture :  Preliminary in-  
ves t igat ions  indicated it would be advantageous t o  design a very good 
drain  and f i l t e r  upstream from the  headwall t o  reduce u p l i f t  and t o  
minimize the  forces tending t o  s l i d e  the  s t ruc ture .  Therefore, a dra in  
s imi la r  t o  t he  one discussed on pages 6.2-13 and 6.2-14 of the  S t ruc tura l  
Design Section w i l l  be used. Use 4 i n .  Perforated Clay Pipe, with 1/4 
i n .  diameter perforation,  four rows, 3 i n .  spacing. A.S.T.M. Designation 
C-211. 

C r i t e r i a  f o r  F i l t e r  Gradation 

Graded Gravel 

85 percent s i z e  of gravel  
diameter of perforat ion 2 1.0 

P i t run  Sand and Gravel 

15 percent s i z e  of gravelc4 to 5 s  15 percent s i z e  of gravel  
85 percent s i z e  of p i t r un -  15 percent s i z e  of p i t r un  

and 

15 percent s i z e  of p i t r un  15 percent s i z e  of p i t r un  
85 percent s i z e  of foundation- < 4  to 5r;15 percent s i z e  of foundation 



E / U O  

zoo '0 

coo D 
PO0 '0 

goo 'a 

Boa u 
I0  '0 



Check Filter Gradation: (See preceding page for grain sizes) 

15 percent size 1 85 percent size 
I I I Graded Gravel 

Pipe perforations = 114 in. dim. = 0.25 25.4 = 6.35 mm 

Foundation and Fill Material 

85 percent size of gravel - 13.5 
diameter of perforations - 6.55 = *.13 ' loo OK 

13 percent size of gravel 
= - -  loo - 0.33 < 4.0 OK 35 percent size of pitrun 3.0 

0 .003=i rnm 

15 percent size of gravel 1.0 - 4.55 > h O 0  OK - - - -  
15 percent size of pitrun 0,22 

0.06 mm 

15 percent size of pitrun - 3.67 c 4.0 OK 0 - m =  
15 percent size of pitrun - - o*22 = 68.8 > 4.0 OK 

15 percent size of foundation 0.0032 

The 15 percent size of any given material is a unique size for 
that material such that 15 percent by weight of the material is finer 
than it. Likewise, the 85 percent size is the size for which 85 per- 
cent by weight is finer. 

Determine required depth of cutoff wall and toewall: (see Piping, 
page 4.14) 



Point  

Foundation Material  (Firm clay)--20 percent sand, 45 percent 
s i l t ,  35 percent clay 

W t .  Creep Rat io  = Cw = 2.3 (See page 4.16) 

It i s  estimated t h a t  t he  drain  w i l l  lower t he  water t ab l e  a t  
t h e  s t ructure ,  a s  shown i n  t he  above sketch,  The maximum d i f f e r -  
e n t i a l  head occurs during periods of no flow. 

Required W t .  Creep D i s t .  = 2.3 " 3.5 = 8.05 = 4 t  + (20.33 + 3) 
4 t  = 8.05 - 6.78 = 1.27, t = 0.32, Use minimum of 21-611 

Actual W t .  Creep Dis t .  = 4(2.5) + 6.78 = 16.78 

Safe d i f f e r e n t i a l  head = H = 16.78 + 2.3 = 7.30 ft 

Compute Upl i f t  ( ~ e f e r  t o  sketch i n  foregoing paragraph) 

With flow 

Upl i f t  = 6.92 62.4 = 432 lb s / f t 2  
Total  Upl i f t  on bay = 432 20.33 10.28 = 90,300 l b s  
W t .  of bay = 163,009 l b s  (see base pressures, with flow) 
Ratio = W t  . + Upl i f t  = 163,009 c 90,300 = 1.80 OK 

No flow 

Pressure at  point  ( a )  = 0, Pressure a t  point  ( i)  = 3.5 62.4 
= 218 m / f t 2  

W t .  Creep D i s t .  = 16.78 f t ,  Increment of pressure = l o s s  per  
un i t  of weighted creep d i s t .  = 218 c 16.78 = 13.0 l b s / f t 2  

W t ,  Creep 
D i s t  . 

f t  

Cnc. of 
Pres . 
1bs/ft2 

'res. a t  
Point  
l b s / f t 2  

- -- 

ive. Pres.  
between 
points  
l b s / f t 2  

34 

105 

177 

215 

Base 
Length 

f t  

0975 

17 17 

100 

1.42 

Jpl i f l  
?e r  f l  
didth 
l b  s 

26 

1802 

177 

304 

Base 
Width 

f t  

10.28 

10.28 

10.28 

10.28 

Total  u p l i f t  on bay = 

W t .  of bay = 88,959 l b s  

Total 
Uplif t  
l b  s 

Ratio = W t  . + Uplif t  = 88,959 + 23,707 = 3.75 OK 



Determine contact and t o t a l  pressures on base: Take moments about 
downstream edge a t  e levat ion of bottom of apron of representa t ive  bay. 

Before f i l l  (NO u p l i f t )  

- - -  

Par t  

Apron 
Headwall 
C.  0 .  Wall 
C .  0. F i l l e t s  
Toewall 
Twl, F i l l e t s  
Trans. S i l l  
Long. S i l l  
Buttress 

Wt. Arm 

10017 
18.42 
18.42 
18.42 
0.375 
0 917 
0 .&o 
9.44 

16.00 

Moment 

z = 800,255 + 63,039 = 12.69 f t ,  e = 12.69 - 10.17 = 2.52 f t  
Area of base = 10.28 20.33 = 209.0 f t 2  



After  f i l l  (NO flow) 

Backf i l l  Proper t ies  (upstream from headwall) (compacted, 
clean p i t r un  sand and gravel)  

Dry wt . -115 lbs / f t3  
Void r a t i o ,  e 0.35 

Percent voids 

Moist wt,  125 lbs / f t3  

er 
Cohesion 0 

E f f .  submerged wt. = E15 - ( 1  - 0.259) 62.41 = 69 ibs / f t3  

Saturated w t .  = 115 c (0.259 62.4) = 131,2 l b s / f t 3  

For design purposes assume p i t run  mater ia l  t o  c res t  elevation.  

Resolve Upl i f t  i n t o  Trapezoidal Diagram, t o  simplify calcu- 
la t  ions . 

Rate of change per f t  of hor izontal  contact = 13.0 9 3 = 4.33 
(See u p l i f t ,  no flow) 

Let x = un i t  u p l i f t  a t  downstream edge, y = uni t  u p l i f t  a t  
upstream edge 

then y = x + (4.33 20.33) = x + 88 

Total  u p l i f t  per  f t  width = 23,707 s 10.28 = 2305 l b s  

DX + 7) i 4 d = 230: l b s  

( x  + x + 88) + 2 = 2303 + 20.33 = 113 1bs/f t2  



Determine horizontal  pressures 

A t  10.75 f t  depth 

V e r t  . wt . = 10.75 
Unit equiv. f l u i d  

A t  14.25 f t  depth 

V e r t .  wt. ( ea r th )  
Unit equiv, f l u id  
Water pres .  = 3.5 

125 = 1345 l b s  
pres.  = ver t .  wt. (1 - s i n  p( t 1 + s i n  $) 

p = 1345 (0.271) = 365 lbs/f t2 

= 1345 + (3.5 69) = 1345 + 242 = 1587 ~ b s  
pres .  = 1587 (0,271) = 430 1bs/ft2 

62.4 = 218 m / f t 2  
p = 430 + 218 = 648 m / f t 2  

I part I Force 

-38,430 
U p l i f t  0 10.28 69 20.33 

Concrete 
Moist sand 
Sat .  sand 
Hor. Pres .  
Hor. P re s .  
Hor. P res .  

U p l i f t  L 10.28 0.5 88 20.33 

10.28 10.75 1.5 125 = 
1 0 . 2 8 0 2 . 5 8  1 . 3 - 1 3 1  = 
10.28 0.5 365 10.75 = -20,200 
10.28 365 3.5 = -13,130 
10.28 0.5 283 3.5 = - > , l o 0  

Wt. 1 Arm I Moment I 

Contact Pressures 

pU = (65,359 t 209) + (6  3.06 + 20.33g 

pu = 313 (1 + 0.905) = 596 1bs/ft2 

pd = 313 (1 - 0.905) = 30 lbs/ft2 OK Pos i t ive  pressures 

T o t a l  Pressures 

L-  

-- 
7 

Con f uc f Pressure 
Tofa/ Pressure 



With flow ( ~ e s i g n  h is charge) 

Depth of headwater above c res t ,  use 3.5 f t  
Depth of t a i lwa te r  above bottom of apron = 6.92 f t  
Upl i f t  i s  uniform = 432 lb s / f t 2  

Determine Horizontal Pressures 

A t  Crest (surcharge of headwater) 

Vert. ~ t .  = 3.5 62.4 = 218 lbs ,  p = 218 0.271 = 59 1bs/f t2  

A t  7.33 f t  depth 

Vert wt. = 218 + 125 7.33 = 218 + 916 = 1134 111s 

A t  14.25 f t  depth 

Vert. ~ t .  = 1134 + 6.92 69 = 11-54 + 477 = 1611 Ib s  

= 1611 o .271 = 436 m/ft2 

NOTE: Water pressures i n  both di rect ions  a r e  
equal and cancel one another. 



Par t  

Concrete 
Moist Sand 
Satur.  Sand 
H20 on Foot. 
H20 on Apron 
Hz0 on T .  S. 
H20 on Butt .  
H20 on L.  S .  
Hor. Pres.  
Hor. Pres.  
Hor. Pres.  
Hor. Pres .  

l ~ o r c e  I W t .  Arm 

Upl i f t  

Moment 

1 40,290 +160,578 
10.28 . 432 20.33 - 90,300 

z = 868,048 i 70,278 = 12.36 f t ,  e = 12.36 - 10.17 = 2.19 f t  

p, = (70,278 i 209) + (6 2.19 + 2 0 . ~ ~ f l  

p, = 336 (1 + 0,646) = 553 lb s / f t 2  

+ 70,278 



Check Sliding: Assume plane of s l i d ing  a t  elevation of bottom of 
cutoffs .  Neglect passive res is tance i n  f ron t  of toewall.  

Propert ies of foundation mater ia l  (undisturbed and saturated)  
I \ 

Angle of i n t e rna l  f r i c t i on ,  # = 12O, (wg) = 0.655 
\ I 

Fr ic t ion  coeff ic ient  = t an  # = 0,213 = f 
Void r a t i o  = 0.65 
Effect ive  submerged wt . = 62.2 l b s / f t 3  
Cohesion, c = 500 lb s / f t 2  f o r  s l i d ing  

f X W  + c A 2  F 
Use 1.5 sa fe ty  f ac to r  
.'. fZW + cA Z 1.5 F 

Plane of Sl id ing - 
No flow 

Eff .  wt. of s o i l  between cutoffs  = 2.5 ' 10.28 17.17 62.2 = 27,500 l b s  
W t .  of bay minus u p l i f t  (See base pressures)  = 65,359 l b s  

ZW = 92,859 111s 

Area of s l i d ing  plane, A = 17.17 10.28 = 176.5 f t 2  :. f x w  + CA = (0.213 92,859) + (500 176.5) = 108,000 I ~ S  

Determine F (see  contact pressure calcula t ion f o r  hor izontal  
forces  from c re s t  t o  bottom of apron, pages 6.10 and 6.11,) 

A t  14.25 f t  depth ( j u s t  below apron) 

Vert.  wt. = 1587 ~ b s  
p = 1587 0.655 = 1040 lb s / f t 2  

A t  16.75 f t  depth 

Vert.  w t ,  = 1587 + (2.5 62.2) = 1587 + 155 = 1742 ~ b s  
p = 1742 0.655 = 1140 1bs/ f t2  



F = 10.28 (1960 + 1770 + 2720) 
F = 10.28 6450 = 66,300 ~ b s  

1,5F = 99,430 l b s  

OK Safe from s l id ing  

With flow ( ~ e s i g n  discharge) 

E f f .  wt. of s o i l  = 27,500 lbs 
W t  . of bay - u p l i f t  = 70,278 lbs 

ZW = 97,778 111s 

Determine F (see contact pressure calculations,  page 6.12 and 6.13) 

A t  14.25 f t  depth ( j u s t  below apron) 

Vert wt. = 1611 lbs, p = 1611 0 ~ 6 5 5  = 1055 1bs/ft2 

V e r t .  w t ,  = 1611 + 155 = 1766 lbs,  p = 1766 0.655 = 1157 1bs/ft2 

F = 10.28 r(367 0.5 7.33) + (744 0.5 6.92) + 

OK Safe from s l id ing  



Headwall Design: The headwall w i l l  be designed a s  a s lab  with f ixed 
s ides  and bottom and a f r ee  top (see  ES-6, Engineering Handbook, Section 6 ) .  
To use t h i s  reference, it i s  necessary t o  resolve the  ac tua l  load diagram 
in to  a t r iangular  load diagram. This i s  done by making the  cant i lever  mo- 
ment a t  t he  base of the  headwall equal f o r  both load diagrams. The maximum 
load w i l l  occur with the  design flow over the  s t ruc ture .  (See load com- 
puted t o  determine contact pressures.  ) 

Determine Equivalent Hydrostatic Pressure (w)  f o r  Triangular Load 
Diagram. (See ac tua l  load computed t o  determine contact pressures)  

A t  13.33 f t  depth 

Vert. wt. = 11-54 + 6 (69) = 1134 + 414 = 1548 ~ b s  
p = 1548 (0.271) = 420 l b s / f t 2  

Taking Moments about base of headwall 

Force A r m  M 

59 ' 13.33 = 787 6.67 5,250 
2 4 9 * 0 . 5 * 7 . 3 3 = 9 1 2  8.44 7,700 wafer 
249 6.0 = 1494 3 .o 4,482 
112 0.5 6.0 = 336 2.0 672 

M =  18,104 
I 

For Triangular Load Diagram 
n7n 

Slab Design (with two bu t t resses )  ( c l a s s  B concrete)  

b = 30.83 + 3 = 10.28 f t ,  a = 13.33 f t ,  b/a = 0.77 

Check minimum wal l  thickness of 10 i n  ( d  = 7.5 i n )  

%, = - 0.025 46 (13.33)3 = 2730 f t  l b s  (see  ES-6, 
sheet  1) 

Req'd. d = 3.8 i n  OK (SeeES-45, Engr. Wk., Sec. 6 )  
V,, = 0,27 4b * (13.33 j2 = 2210. l b s  

yeq'a.  < 5.0 In  OK (see  XS-31; I3ngr, Hbk., Sec. 6 )  

Ver t ical  S t e e l  (unexposed face)  d = 10 - 2.5 = 7.5 i n  

-M, = 0.025 ' 109,300 = 2730 f t  lbs ,  As = 0.235 (from ES-45) 
V = 0.197 8190 = 1610 lbs ,  x0  4 1.0 (from ES-44, Sec. 6 )  

Use N O ,  5 a t  15 ( A ~  = 0,25, xo = 1.57) (see  ES-46, Sec. 6 )  
Find where No, 4 a t  15 ( A ~  = 0.16) can be used 

Allowable M = l 9 O O  f t  l b s  (from ES-45) 
Allowable 4, = l 9 O O  t 109,300 = 0.0174 which corresponds 

t o  a point  (2.3 t 40) 13.33 = 0.77 f t  above top of apron. 
(see Mx moment curves) 



.'. No. 5 bars  may be cut 0.77 + 1.0 = 1.77 ft. above apron 
and w i l l  extend i n t o  cutoff wall. Length of No, 3 bars 
1.77 + 0.92 + 2.5 - 0.25 = 4.94 f t .  

Use 5' -0" and extend bars  1 '-10" above apron 

Se t  No.  4 bars  on construction jo int  

Length = (131-4") - (0 ' -4")  - (01-3")  = 121-9" 

SHEAR AND MOMENT COEFFICIENTS 

Horizontal S t e e l  (unexposed face)  d = 10 - 2.0 - 5/8 - 1/4 = 7 1/8" - 
- % = 0.018 109,300 = 1970 f t  lbs ,  Reqfd. As = 0.18 in2 

V = 0.27 8190 = 2210 lbs ,  Req'd. 2, = 1.2  i n  

Use No. 4 a t  12 Spl ice  a t  center  l i n e  of s t r uc tu r e  and extend 
i n t o  headwall extension stub.  



6.18 

HEADWALL MOMENT COEFFICIENT CURVES 



Horizontal S t e e l  (~xposed  face)  d  = 7 112 i n  

+ My = 0.01 109,300 = 1093 f t  lbs ,  Req'd. As < 0.10 in2 

Use No. 5 a t  15 ( A ~  = 0 ~ 2 5 )  t o  meet temp. requirements. 
Spl ice  a t  center l i n e  of s t ruc ture  and extend i n to  headwall 
extension stub.  

Ver t ical  S t e e l  (~xposed  face)  d  = 10 - 2 - 112 - 1/4 = 7 114 i n  

+ Mx = 0.0075 109,300 = 820 f t  lbs ,  Req'd. As < 0 . l o  in2 

Use No. 4 at 15 (As = 0 ~ 1 6 )  Min. f o r  10 i n .  wall.  Extend 
i n t o  cutoff wall and cut 1'-7" above top of apron, Length of 
bars = 4'-9".  Lap on No. 4 s e t  on construction j o in t ,  
Length = 12'-9" 

Sidewall Design: The sidewall i s  designed as  v e r t i c a l  and horizontal 
beams divided as  shown i n  the  sketch below by the 45' l i n e .  

Backf i l l  Proper t ies  (compacted) 

Dry w t  . = 100 lbs / f t3  spec i f ic  gravi ty  of so l ids  
= 2.65 

Void r a t i o  ( e )  = 0.65 
Percent voids = 39.4 
Moist wt . = 110 lb s / f t 3  
Percent moisture = 10 

$ (moist) = 25' ( ~ $ 1  1 + s i n  = 0.406 
\ . J 

Cohesion ( c )  = consider as  0 



Equivalent fluid pressure on vertical cantilever section 

Maximum ht. of surcharge on 2 to 1 slope = 4.33 ft 
w = 70 lbs/ft3 (see graphical solution) 

Equivalent fluid pressures on horizontal cantilever section 

Assumed average ht. of surcharge on 2 to 1 slope = 7.0 ft 
w = 78 lbs/ft3 (see graphical solution) 

Vertical Steel (unexposed face) d = 10 - 2.5 = 7,5 in 
Use ES-4 M = 121,5 ' 70 = 8505 ft lbs, Reqld. As = 0.77 in2 

V = 40.5 70 = 2835 lbs, Req'd.2, = 1.46 in 
use NO. 7 at 9 (A, = 0.80, xo - - 3.67) 
Find where No. 4 at 9 (As = 0.26) can be used 

Allowable M = 3010 ft lbs (from ES-45) 
3010 + 70 = 43.2; (from ES-4, EH, Sec. 6) distance from 

top of wall to point where No. 4 at 9 will carry moment = 61-3" 
which corresponds to point 2'-9" above top of apron. Length 
of vertical leg of No. 7 at 9 = 2.75 + 1.00 + 0.67 = 4.42 ft 
(use 41-6") 

Horizontal Steel (Unexposed - face) d = 10 - 2 
Find points of maximum shear and moments 

Req'd. As = 0.42 in2, Req'd. ro < 1,O in 
U s e  No. 7 at 15 (A, = 0~48, xo = 2.20) 

Find where No. 4 at 15 ( A ~  = 0.16) is sufficient 

M = 1660 ft lbs (from ES-45, EH, Sec. 6) 

1 = 3.77 ft which corresponds to a point 6 - 3.77 = 2.23 ft 
from downstream face of headwall, 

Length of leg of bar = (2'-3") + (1'-0") + (0'-'I 1/2") 
= 3'-10 112 in. (use 4'-0") 

Steel in Exposed Face 

Horizontal Steel--Use No. 5 at 15 (temp. steel) place nearer face. 
Vertical Steel--Use No, 4 at 15 (tie steel) 



W H ~  P = 2870 111s = - 
2 

w=-- 5740 - 70.9 lbs/f t3 
(912 

U s e  70.0 lbs/ f t3  

z = oO 
i = ~ 6 O - 3 4 ~  

AN = 9.0 cos i = 8.05 

Weight of S l i c e  

8.05 0.5 9.7 110 = 4,290 
13.33 1.0 110 = 1,467 
13.33 1 .0  110 = 1,467 
13.33 1.0 110 = 1,467 
13.33 1.0 110 = 1,467 

I 

Acc W t  

4,290 
5,757 
7,224 
8,691 

10,138 

See  Paragraph 2.2.2 of S t ruc tura l  Design 



S l i c e  

A-0-10 
A-10-12 
A-12-14 
A-14-15 .66 
A-15.66-18 
A-18-20 
A-20-22 

U s e  78.0 lbs / f t3  

Weight of S l i c e  Acc W t  

8 . 0 5 ~ 0 . 5 ~ 1 0 ~  110 = 4,420 4,420 
8.05 0,5 2 110 = 885 5,305 
8.05 0,5 2 119 = 885 6,190 
8.05 0,5 1.66 110 = 735 6,925 
16.0 0,5 2.34 n o  = 2,060 8,985 
1 6 . 0 0  0 . 5 -  2 . 0 0  110 = 1,760 10,745 
16.0 0.5 2.0 110 = 1,760 12,505 



Apron Design: The apron w i l l  be designed as a s e r i e s  of beams i n  t he  
transverse di rect ion,  considered res t ra ined  a t  the  sidewalls  and continuous 
over the  longitudinal  s i l l s .  The apron w i l l  be designed f o r  t he  following 
loading conditions: (1) before b a c k f i l l  has been placed, (2 )  a f t e r  b a c k f i l l  
has been placed with no flow, (3) a f t e r  b a c k f i l l  has been placed with design 
flow. 

Upward Total  Pressures on Base 

(see  determination of contact and t o t a l  pressures)  

Net Loads on Apron ( ~ o t a l  Pressure l e s s  wt .  of concrete and ~ ~ 0 )  

~ t .  of concrete/f t2 of apron = 11/12 130 = 138 111s 
W t  . of H20 on apron/ft2 = 62.4 6 .O = 375 ~ b s  



Due t o  t he  wide var ia t ion  i n  loads across the apron, the apron w a s  
divided i n to  three  approximately equal pa r t s .  The s t r e s s  analysis  w i l l  
be made a t  the mid-sections of these  parts a t  Sections 1, 2, and 3. 

A t  Section 1 

Before f i l l  j =  33.83 t 3 = 10.28 f t ,  1' = 105.7 f t 2  

Sidewall Moment, Mab = 0 

Load on apron, w = 270 lbs/f t2 

1 % = - w l 2  = 
a 10 

27 105.7 = 2850 ft lbs (see ES-$, page 4.27 

Ra = Ill1 lbs (down) 

% = 1665 + 1388 = 3053 lbs (down) 

A f t e r  fill--No f low w = 442 lbs/f t2 

Sidewall Moment, = - Mab (a t  Q of apron) 

- -LC!+ 1 1 
vab - 2 (Mab + = - (221 10.28) + G-J (-2927 + 4085 ) 7 - - 
'ab 

- 2270 + 113 = -2157 lbs 

Vba = w,? + vab = 4540 - 2157 = + 2383 l b s  

vb c 
= - w! = - 2270 lbs  

2 

Ra = 2157 1bs (down) 

R~ = 2383 + 2270 = 4653 lbs (down) 

A f t e r  f i l l - -With  flow w = 357 lbs/ f t2  
- 

Ma;b 
- - 2927 + ( 3  62.4 3 1.92) + ( 3  62.4 1.5 1.42) 

Mab = - 2927 + 1078 + 399 = - 1450 f t  ibs 

= (- 1450 + 5 )  + (35.7 105.7) 

%a = - 290 + 3770 = + 3480 f t  lbs 



APRON DESIGN (Section 1 ) 

MOMENT DIAGRAMS 

E 

SHEAR DIAGRAMS 



vba = WP + vab = 3670 - 1634 = 2036 i b s  

vbc = - - W! = - 1830 l b s  
2 

Ra = 1634 l b s  (down) 

% = 2036 + 1830 = 3866 i b s  (down) 

Simple Moments 

1 Mp = 8 w j 2  = w ( 1 0 ~ 2 8 ) ~  = 13.2 w 

With flow 
w = 357 

Before f i l l  
w = 270 

I n  determining t he  s t e e l  requirements, the  hor izontal  compression t h r u s t  
i n  t he  apron due t o  t he  load on t he  sidewall  w i l l  be taken i n t o  account. 
(See ES-45, EH, Sec. 6 )  

No flow 
w = 442 

Magnitudes of Horizontal Compression Thrust ( N )  

Before f i l l ,  N = 0 

After  f i l l --No flow, N = t 6  70) + 2 (9.42 7 . 9  3.42 = 1850 l b s  

After  f i l l --With flow, N = 1850 - (4.5 62.4 3.0) 
N = 1850 - 842 = 1008 I ~ S  

A t  Section 2 

Before f i l l  l =  10.28 f t ,  1' = 105.7 f t 2  

Sidewall Moment, Mab = 0 

Load on apron = 137 lb s / f t 2  

%a = 1 wP2 = 13.7 105.7 = 1450 f t  l b s  
10 

'a = 563 l b s  (down) 

% = 704 + 845 = 1549 1bs (down) 



APRON DESIGN (Section 2) 

After fi// - no flow-, --.-- 

After fill - wifh f l o w  
c 
Q 
2 

MOMENT DIAGRAMS 

SHEAR DIAGRAMS 



After fill--Now flow w = 250 lbs/f t2 

Mab 70 (9*42)3 = - 9750 f t  lbs  ( a t  (i apron) 
1 1 

%a = 7 Mab + m wP2 

= - 1950 + (25 105.7) = - 1950 + 2640 = + 690 f t  l b s  

A f t e r  f i l l - -  With flow w = 229 lbs/f t2 

62.4 6)" 
Mab = - 9750 + 2 -42 = - 9750 + 2720 = - 7030 ft l b s  

'ab = -I&+ 2 i ( M ~ ~  + Mba) = - g (229)(10.28) + (-7030 + 1014) 

vab 
= - 1177 - 585 = - 1762 111s 

Vba = w,! + Vab = 2354 - 1762 = + 592 lbs 

- - -  w l  = - 1177 ms 
vbc - 2 

Ra 
= 1762 111s (down) 

Rb = 592 + 1177 = 1769 lbs  (down) 

Simple Moments 

1 % = g w 1 2  = 13.2 w 

I Before f i l l  
w = 137 

Magnitude of Horizontal Compression T h r u s t  ( N )  

Before f i l l ,  M = 0 

After fill--No flow, N = 7 O  (9*42)2 = 3100 1bs 
2 

No flow 
w = 230 

3300 
3165 
2770 
2110 
1190 

A f t e r  fill--With flow, N = 3100 - 2 4 6)2 6. = 3100 - 1120 
2 

N = 1980 111s 

With flow 
w = 229 

3030 
2910 
2540 
1940 
1090 



A t  Section 3 != 10.28 f t ,  l2 = 105.7 f t 2  

Before f i l l  

Sidewall Moment = M = 0 
ab 

Load on apron = 13 lb s / f t 2  

Ra = 54 lb s  (down) 

% = 80 + 67 = 147 lb s  (down) 

After  f i l l --No flow w = 69 lb s / f t 2  

Mab 
= - 9750 f t  l b s  (same as  Section 2 )  

- 1 1 
Vab - - w,! + P (Mab + Mba ) = - - 1 

2 2 t69)tlO.28) + -10,28 (- 9750 - 1220) 

'ab 
= - 354 - 1068 = - 1422 111s 

Vba = wk' + Vab = 708 - 1422 = - 714 ~ b s  

- 1 
'bc - 

- - wf = - 354 l b s  
2 

Ra = 1422 1bs (down) 

F$, = 714 - 354 = 360 I ~ S  (UP) - 
After f i l l --With flow w = 109 lb s / f t 2  

Mab = - 7030 f t  l b s  (same a s  Section 2 )  

R~ = 1269 1bs (down) 

% = 560 - 149 = 411 1bs (down) 



APRON DESIGN (Section 3) 

SHEAR DIAGRAMS 



Simple Moments 

No flow 
w = 69 

1,o 
0.96 
0.84 
0.64 
0.36 

With flow 
w = 109 

Before fill 
w = 13 

172 
165 
145 
110 
62 

Values of N are the same for Sections 2 and 3 

Steel Requirements: Because of nature of design assumptions and to 
facilitate the placing of the steel during construction, the apron will be 
reinforced the same at all sections and will be designed to meet the maxi- 
mum stress requirement in any section. 

Bottom Steel (~ransverse) d = 11 - 3 112 = 7 112 in 
At Sidewall 

M = 9750 ft lbs (Sections 2 and 3, No flow governs) 
V = 2168 lbs, N = 3100 lbs 
Ms = M + (Nd" + 12)(see ES-45, EH, Sec. 6) d" = 6 - 3.5 = 2.5 in 
Ms = 9750 + (3100 2.5 + 12) = 9750 + 646 = 10,396 ft ~ b s  
A = 0.94 in2 (See ES-45) 

Reqtd. As = A - (N + fs) = 0.94 - (3.1 + 20) = 0.94 - 0.16 = 0.78 in2 
Req'd. Eo = 1.11 in (See ES-44, EH, Sec. 6) 
Use steel from sidewall--No. 7 at 9 (As = 0.80, 2, = 3.67) 

At Sill 

M = 4085 ft lbs--(section 1, No flow governs) 
v = 2383 ~ b s ,  N = 1850 ~ b s  
Ms = M + ( ~ d "  + 12) = 4085 + (1850 2.5 + 12) 
M, = 4085 + 385 = 4470 ft 111s 
A = 0.39 in2 (ES-45) 
Reqtd. A, = A - (N s f,) = 0.39 - (1.85 + 20) = 0,39 - 0.09 = 0.30 in2 
Reqtd. X o  = 1.21 in (ES-44) 

Find where No. 5 at 12 (A, = 0.31) can be used in end spans. 
(section 3, No flow governs) N = 3100 lbs 



M = 5330 - 662 = 4668 f t  l b s  which corresponds t o  a point  
11.5/30 10.28 = 3 -94 ft  from the  Q of sidewall  

Length of hor izontal  l egs  of No. 7 bar  
3.94 = distance from sidewall  t o  t heo re t i c a l  cutoff point  

+0.25 = distance from sidewall  t o  back of bar  
+1.00 = f o r  contingencies - 
1 t o t a l  (use 5'-3") , 

( l ap )  
Length of No. 5 bars  = (311-4") - 2 (31-3") + 2 (11-7") = 24'-0" 

Top S t e e l  (Transverse) d = 10 - 2.5 = 7.5 i n  

End Span 

Ms = M = 2250 ft l b s  ( sec t ion  1, Before f i l l  governs a s  N = 0 )  
As = A = 0.192 in2 
V = 1450 l b s  (Section 1, No flow governs) 
Z, < 1.0 i n  

Center Span 

M = 2610 f t  l b s  (Section 2, No flow governs ) N = 3100 
Ms = M + ( ~ d "  + 12)  = 2610 + 646 = 3256 f t  ~ b s  
A = 0.281, As = A - (N + f s )  = 0.281 - 0.15 = 0.13 in2 

Use No, 4 a t  l.2 ( A ~  = 0.20, 2, = 1.37) Length = 31'-0" 

Longitudinal S t e e l  

Bottom Face 

Temp. steel--Use No. 4 at 13, Length = 21' -On,  horizontal  l e g  
= 20'-OH, v e r t i c a l  l e g  = 1'-0" i n  downstream face of toewall 

Tap Face 

Temp. steel--Use No.  5 a t  l2, Length = 20'-6", hor izontal  l e g  
= 19'-6", v e r t i c a l  l e g  = 1'-0" i n  upstream face  of toewall 

Buttress Desigh: The bu t t r e s s  w i l l  be designed as a v e r t i c a l  cant i lever  
beam f o r  a load equal t o  the  sum of t he  shears from the  adjacent headwall 
s labs  a s  explained on page 4.26. 

Determine Load (See Headwall Design, page 6.16) 



From Headwall Design 

Vmm = 0.27 ' 8190 = 2210 lbs / f t  (from one s ide  only) 
Max. load on bu t t r e s s  = 2 " 2210 = 4420 l b s / f t  (both s ides)  

x = 0.775 a = 0.775 ' 13.33 = 10.33 f t  
b/4 = 10.28 + 4 = 2.57 f t ,  b/8 = 1.285 f t  

Load a t  top of s i l l  elevation = (1.0 + 1.72) 4420 = 2570 l b s  

Determine cant i lever  M and V a t  top of s i l l  elevation 

I I Force I Arm I Moment 

Determine base width of bu t t r e s s  

Shear V = 33,876 lbs ,  b = 12 

v = V  + bjd . * .  d = V + b j v  
For Class B Concrete 

v = 90 lbs/in2, j = 0.875, k = 0.375, f c  = 1200 lbs / in2 
From ES-51, EH, Sec. 6, d = 36 i n  

Moment M = 169,704 f t  lbs  = 2.37 lo6 i n  l b s  

Shear governs 
Required base width = 36 - 7.5 = 28.5 i n  
A 61-0" base width w i l l  be used f o r  the following reasons: 

(1) t o  reduce the span length of t h e  longi tudinal  s i l ls ,  ( 2 )  
t o  a l low room f o r  an aerat ion hole through the bu t t r e s s  a t  a 
higher elevation, (3 )  t o  reduce s teel  area requirement and 
thus f a c i l i t a t e  placement of tension s t e e l  f o r  bu t t r e s s .  

S t e e l  Reauirements 

For cant i lever  moment 

As = M ( i n  f t  k i p s )  + ad, a = 1.44 ( f o r  Class B )  
d = ( 6  12)  + 7.5 = 79.5 i n  
As = 169.7 + (1.44 79.5) = 1.48 in2 
U s e  2 No. 8 bars (As = 1.37) i n  unexposed face of headwall. 



In both faces of buttress 

Use Temp. steel requirement 

No. 5 at 12 (both faces,' both directions) 

Compute compressive stresses in buttress 

Locate neutral axis--Try x = 10 

10 12 = 120 5 = 600 

Compute vertical stresses 

fc = 319600 * 
= 399 psi, fs = = 20,100 psi 

13,2 " 12 1.57 



Correct v e r t i c a l  compressive s t r e s s  t o  s t r e s s  p a r a l l e l  t o  face of 
bu t t r e s s .  Tan $ = 6 + 12.33 = 0.487; $ = 25'-58'; cos $ = 0.899. 
Max. f c  p a r a l l e l  t o  face = 399 i cos2 @ = 399 + 0.81 = 493 p s i  OK 

Allowable s t r e s s  = 0.225 f; (103 - 0.03 :) 

h = ( l ~ . 3 3 ~  + 62)1/2 = 13.71 
Allowable s t r e s s  = 0.225 3000 E.3 - (0.03) (13.71 + 1g = 600 ps i  
(See Section l l O 7 , A C I  code) 

Longitudinal S i l l  Design: The longi tudinal  s i l l s  w i l l  be designed as  
beams considered fixed a t  t he  t oe  of the  bu t t ress  and both f ixed and simply 
supported a t  the  transverse s i l l .  The loads on t he  longi tudinal  s i l ls  w i l l  
be taken a s  a uniform load, equal i n  magnitude and opposite i n  d i rec t ion  t o  
t h e  react ions  a t  t he  sills as determined i n  t h e  apron design 
and 3, plus  or  minus the  weight of the  longitudinal  s i l l ,  

Reaction a t  S i l l  from Amon Design 

I Section 2 Section 3 

From inspection of t he  reactions,  it is  evident t h a t  
flow and with-flow conditions must be considered because 
s a l  of d i rec t ion  a t  Section 3 .  

Before f i l l  
NO flow 
With flow 

Determination of Loads 

a t  Section 2 

1549 (down) 
1692 (down) 
1769 (down) 

both the  no- 
of the  rever- 

147 (down) 
360 (up) 
411 (down) 

W t .  of longi tudinal  s i l l / f t  length = 1.0 1.0 1.0 . 150 = 150 l b s  

Loads a t  Section 2 

No flow, load = 1692 - 150 = 1342 l b s / f t  (up) 
With flow, load = 1769 - 150 = 1619 l b s / f t  (up) 



Loads a t  Section 3 

NO flow, load = 360 + 150 = 510 ~ b s / f t  (down) 
With flow, load = 411 - 150 = 261 l b s / f t  (up) 

Moments and Shears 

No flow--both ends f ixed 

C= ! r. 25' - - 

f = - 3420 + 5920 = + 2500 ft l b s  
a 



1 
%a =fa ' P  (<b + I$ a ) = + 420 - 715 = - 295 l b s  

= < z3/+ $ ~$31 = (420 5.25) + (1340 5.25) = 9240 l b s  C 

Simple Moments (see ES-1, EH, Sec. 6 )  

1 
A t  Section 2, % = 8 w , z , ~  = + 6940 f t  i b s  

1 ~t Section 3, M~ = 8 w,z,/ = - 1760 f t  i b s  

P lo t  moments and shears a s  explained i n  ES-32, EH, Sec. 6. 

I ~"1% I 

No flow--Simply supported a t  b 

Sa t i s fy  t h i s  condition by correcting moments and shears when both 
ends a r e  f ixed.  

f o r  span ZJ 

With both ends f ixed 

I?b = - 10,545 f t  lbs ,  < = + 2500 f t  l b s  
a 

fo r  span z 3 /  

Simply supported a t  b 

%a = O 

= $ + 0.5 (- gal, f o r  0.5 carryover fac tor  and reason 
' Mab ab 

fo r  minus sign, r e f e r  t o  any good reference on s t r u c t u r a l  mechanics. 

Mab 
= - 10,545 - 1250 = - 11,795 f t  l b s  

I I 



LONGITUDINAL SILL 
(No f low) 

+indicates tension h fop fuce 
- indict7 t es femi  on in bo f fan fuce 

f ~ o e  of  buttress 
MOMENT DIAGRAMS 

SHEAR DIAGRAMS 



<, = - 12,600 - 728 = - 13,328 f t  lbs 

f a  = W2 + W3 - = 9720 + 1370 - 7440 = + 3650 lbs 



LONGITUDINAL SILL 
(With flow 1 

+ indl'cates tension in top face - indicatas fsnsion in bottom face 

MOMENT DIAGRAMS 



Simple Moments 
1 A t  Section 2, MG = 8 w2zZI = 7290 f t  l b s  

I I M ~ / M ~  I A t  Section 2 1 A t  Section 3 ( 

With flow--Simply supported a t  b 

Correcting f ixed end moments and shears 

%a = O 
= + 0.5 (-I fa)  = - 13,328 - 3983 = - 17,311 f t  l b s  Mab ab 

- 9 - 1062 = 3174 - 1062 = + 2112 l b s  
'ba - ba 

3 - 3 -  S t e e l  i n  bottom face d = 1l+ 12 - 3 - 8  6 - 18 7/8 i n  (use 19 i n )  

A t  Buttress 

Mab = - 17,311, Vab = 8978 (with flow, simple support a t  b )  

Req'd. As = 0.58 in2 (ES-45, EH, Sec. 6 )  Req'd. 2, = 1.79 i n  (ES-44) 
Use 1 No. 7 bar  (A, = 0.60, Zo = 2.75) 

8.3 Extend bar  (6.0) + 1.0 = 3.49 f t  Say 3'-6" i n to  s i l l  and 

2 '  -0" under bu t t ress .  Length = 5'-6". 

A t  S i l l  

< = 7966, f b  = 3174, With flow, both ends f ixed.  
a 

Req'd. As = 0.273 in2, Req'd. Z o  < 1.0 i n  

Use 1 No. 5 bar  (A, = 0.31, = 1.96) Length of horizontal  

l eg  = (9 a 5 -25) + 1.0 + 0.583 f t  (No flow, both ends f ixed 
20 

governs) Use 51-6" Vert ical  l e g  = 1'-0" i n  downstream face 

of toewall. Tota l  length = 6 ' -6". 



Steel in top face Use d = 19 in 

M = 7100, V = 5000 (with flow, simple support at b governs) 

Req'd. As = 0.233 in2, Req'd. Zo = 1.45 in (u = 210 lbs/in2) 

Use 1 No. 5 bar ( A ~  = 0.31, Zo = 1.96) Start bar 2 in. from 
downstream edge of transverse sill and extend it about 1'-0" 
under buttress. Length = (0 ' -7" )  + (11'-3") + (1'-0") = 12'-10" 
Use 13'-0". Use L bars No. 4 at 18 for tie bars. Both legs 
11-6", Length = 3'-0" 

Transverse Sill Design: The transverse sill, together with the toewall, 
will be designed as a rectangular beam with its thickness equal to that of 
the toewall. The design moment at the ends of the beam will be determined, 
considering the beam as fixed at both ends. The design moment at mid-span 
will be determined, considering the beam to be partially restrained at the 
ends and assuming the end moments to be equal to one-half the fixed end 
moments. The loads will be the total base pressure minus the weight of 
water and/or concrete and the reactions from the longitudinal sills. 

After fill--No flow 

Total base pressures/ft length = 0.75 (99 + 123) s 2 = 83 lbs/ft (up) 
(See apron design) 

Wt. of concrete = 4.75 ' 0.75 1.0 150 = 534 lbs/ft (down) 
Uniform load per ft = 534 - 83 = 451 ~bs/ft (down) 
Concentrated load = Rb from longitudinal sill = R = 628 lbs (down) 

Moments and Shears 

Simple Moments 
From Concentrated load at point of load 
M = 628 10~28 = 6460 ft I ~ S  



From Uniform Load 

After  f i l l --With flow 
1 

Total  base pressure = 0.75 (551 + 567) = 419 l b s / f t  (up) 
W t .  of concrete = 534 lb s  (down) 

w t .  of H,O on s i l l  = 62.4 4.67 0.75 = 218 l b s  (down) 
Uniform load / f t  = 534 + 218 - 419 = 333 ~ b s / f t  (down) 

Concentrated load = F$, = R = 3174 l b s  (up) 

Moments and Shears 

Simple Moments 

From Concentrated load a t  point  of load 

From Uniform load 

WP = 3 (30.83)~ = 39,600 ft i b s  Mc = B  



TRANSVERSE SILL 

MOMENT DIAGRAMS 

SHEAR DIAGRAMS 



Steel in top face d = 57" - 4" = 53 in 
M = 40,000 ft ~bs, v = 7578 ~ b s  (NO flow governs) 
Req'd. As = M t ad = 40.0 + (1.44 53) = 0.524 in2 

Req'd. X o <  1.0 in. Use 2 No. 5 bars ( A ~  = 0~61, Xo = 3.93) 
Find where 2 No. 3 bars ( A ~  = 0.22) can be used 

M = ad As = 1.44 53 0.22 = 16.8 ft kips which corresponds to a 
point 5.7/50 30.83 = 3.52 ft from $ of sidewall. 
Length of horizontal leg of No. 5 bars = 3.52 + 0.25 + 1.0 = 4.77 ft 
Use 4'-9". Make vertical leg 2'-0". Total length = 6'-9'' 

Length of No. 3 bars = (30'-0") + 2 (01-8") + 2 (1'-0") - 2 (41-9")  
= 23'-lo", Use 241-0" with 1'-1" lap 

Steel in bottom face Increase moment 50 percent of fixed end moment - 
Moment = 20.06 + (0.5 ' 40) = 40.06 ft kips; shear = 4600 lbs (max) 
As = M + aa = 40.06 t (1.44 53) = 0.532 sq in 

z = 8 v + 7 ud = (8 4600) + (7 300 53) = 36,800 + 111,300 
0 

= 0.33 in 

Use 2 No. 5 bars ( A ~  = 0~61, xo = 3.93). Extend bars 0'-6" into 

sidewall on both ends then length = 31'-0" 

Other Steel *4Q i5 a3 
Vertical Steel #5 

/@!2 

Use No. 3 at 12 in downstream face (Aprondar) w 

Use No. 4 at 15 in upstream face 
Length = (41-9") - 2 (01-3") = 41-3" 

Horizontal Steel 

Use No. 4 in both faces 
Length = (30'-0") + (01-6") + (0'-6") = 311-0" 

2*s 
Wingwall Design: The wingwall will be designed independently of the rest 

of the structure and as a series of cantilever beams. The wingwall makes an 
angle of 45' with the sidewall. 

Length of Wingwall = (J - s - 1.0) 2.83 

Length = (9.0 - 1.33 - 1.0) 2.83 = 18.85 ft Use 191-0" 

Required width of footing to prevent overturning 

Fill Characteristics 

Moist wt. = W = 110 lbs/ft3 
Angle of internal friction = $ = 25' 
Friction angle of soil = Z = @ = 2'3' 
Angle between horizontal and vertical wall = 8 = 90' 
Angle between horizontal and fill slope = i = 19'-27' 



Try 6.0 f t  width of footing a t  upstream end 

See equation 6.2-1 (EH, Sec. 6 )  

sin2 8 s i n  (8  + Z )  
s i n  (8 + Z )  s i n  (8 - 

s i n  50 s i n  5 -33' 
sin2 90' o 2 [ 1 + /-I2 

cos 25O s i n  70'-33' 

P = 55 (12.04)' 0.54 = 4300 lbs  

Ph = P cos Z = 4300 0.906 = 3900 lbs 

P, = P s i n  Z = 4300 0.423 = 1850 ~ b s  

H = 9.92+ 6 tan  i = 9 .92+ 2.12 = 12.04, ~ / 3  = 4.01 

Taking Moments 

z = 45,240 + 10,548 = 4.29 f t  . ' . s t ab l e  from overturning as resul-  
t a n t  fa l ls  within t he  middle th i rd  of base (6.83 213 = 4.55 f t )  

Moment 

2,480 
7,900 

17,820 
1,400 

0 
15,640 

45,240 

P a r t  

Footing 6.0 0.92 150 = 
Wall 9.92 * 0,83 130 = 
~ a r t h O 6 . 0  9.0 110 = 
E a r t h h 3 . 0  2.12 110 = 

pv 
'pi 1 

Weight 

828 
1,230 
5,940 

700 
1,850 

10,548 

Force 

3,900 

Arm 

3.0 
6 A2 
3 0 
2.0 
0.0 
4 , o l  



Try 1 .0  f t  width of footing at downstream end and check overturning 
a t  midsection. 

Footing a t  midsection = (6.0 + 1.0) t 2 = 3.5 f t  wide 
Base w i d t h  a t  midsection = 3.5 + 0.83 = 4.33 f t  

H = [(9.0 + 2.33) + 2 ]  + 0.92 + 3.5 t an  i 
H = 5.67 + 0.917 + 1.23 = 7.82 f t  
H t .  of w a l l  above footing = 5.67 f t  

P = (WH' + 2 )  0.54 = [ ( U O  . 7.8g2) + 210 .54  = 1810 ibs 

ph = P cos z = 1810 0.906 = 1640 I ~ S  

P, = P s i n  Z = 1810 0.423 = 765 l b s  

Taking Moments 

P a r t  Weight Force A r m  Moment 

Footing 3.5 ' 0.92 150 
Wall 6.58 0.833 150 
Ear th  0 3.5 . 5.67 ' 110 
E a r t h  h 1.75 ' 1.23 110 

v 
Ph 

2 4.33 - = 2.88 >2.73; hence, OK safe from overturning 
3 

Sl iding 

To prevent the  wingwall from s l id ing,  the wingwall footing w i l l  be 
t i e d  i n t o  the  apron and reinforced t o  carry the  horizontal  moment se t  
up by the  earth pressures on the  wingwall, tending t o  ro ta te  the  wing- 
w a l l  about i t s  junction w i t h  the  s idewal l .  



Determine Horizontal Moment 

From overturning calcula t ions  

ph = P cos z = 0.906 P 
P = ( W H ~  + 2 )  0.54 

:. P, = 0.906 ( n o  H~ + 2 )  0.54 = 26.92 H~ 

Total  Ph = Pht = Phdy = (3902 - 28708 Y + 3-31  5 )  d~ 

Determine e f fec t ive  depth 

t a n p = 7 + 1 9 = 0 . 2 6 3  . ' . P = 1 4 O - 4 5 '  
c o s p  = 0.967 

d = (12 o 6.83 c o s P )  - 6 = 70.6 in (use 70.0 in) 

Reqld. steel ( A ~  = M (ft kip  

A, = 214.7 + (1.44 a 70) = 2 

U s e  2 No, 10 bars (As = 2.54 
t he  other 10 i n .  from edge. 

) place one bar 4 i n .  from edge and 



Design of Vertical Wall 

Take Z, angle of friction between earth and concrete = 0 
(see equation 6.2-3, EH, Sec. 6) 

C 

l1 + 
/sin $ sin ($  - i)iy /I + / sin 85' sin 5'-33: 

\ V sin (e - i) I 

Assuming the same equivalent fluid pressure, w, at all points along the 
wall, build up M and As curves (d = 7 112 in) 

Vertical Steel (Unexposed face) 
At U~stream End 

M = 7530 ft lbs, V = 2510 lbs 

Req'd. As = 0.67 in2, Req'd. 2, = 1.29 in (M will govern) 
Use NO. 6 at 8 ( A ~  = 0.66, Zo = 3.53 in) 
Find where No. 4 at 8 (As = 0.29) can be used. From As curve 

H = 6.9 ft, .'. Length of No. 6 bar = 9.0 - 6.9 + 3.42 - 0025 + 1.0 
= 6.27; Use 61-3" and place 3" 
above bottom of toewall, 

Find point along wall where No, 6 at 12 (A, = 0.44) can be used 
From A, curve H = 7.85 

Dist. from upstream end = (9.0 - 7.85) 19 
[g.O - p033] = 3.28 ft 

Find where No. 4 at 12 (A, = 0.20) can be used. 



WINGWALL DESIGN 
Unexposed face o f  wingwall 



H = 6.1 .'. Length of No. 6 bars  = 7.85 - 6.1 + 3.42 - 0,25 + 1.0 

= 5.92. Use 61-0" 

Find point  along wall where No. 4 a t  13 (A, = 0 ~ 1 6 )  can be used 

Horizontal S t e e l  (Unexposed face)  

Temp. steel--Use No. 4 a t  15 ( s t a r t  9 i n .  above foot ing)  

S t e e l  i n  Exposed face 

Horizontal steel--Use No. 5 a t  15 Temp. s t e e l  

Ver t ical  steel--Use No. 4 a t  15 Tie s t e e l .  Se t  on construction jo in t .  

Design of Footing 

Load on upstream sect ion (see  page 4.12) 
r ..I 

V = v e r t i c a l  weight, A = area  of base, e  = eccentr ic i ty ,  d  = length 
of section, e  = z - (d  + 2 )  = 4.29 - (6.83 s 2 )  = 0.873 

Moment and Shear 



v = 3.0 (1360 + 1128 - 362 - 2442) = 316 3 = 948 I ~ S  

d = 7 112 i n  

Req'd. As = 0.36 in2.  Use No. 6 a t  12 (A, = 0.44) t o  midsection 
then use No. 4 at  12,:Bent i n t o  downstream face of toewall.  

Use No. 4 a t  15 p a r a l l e l  t o  wall a s  t i e  s t e e l .  

Design of Headwall Extension 

Due t o  the  f a c t  t h a t  t he  headwall extension i s  a r t i cu l a t e ,  and t he  
ea r th  pressures on both s ides  of the  wall  w i l l  be about equal, the  wall 
w i l l  be reinforced with the  minimum s t e e l  requirements. 

Ver t i ca l  S t e e l  (both faces)  

Use No. 4 a t  15 
Length of bars  i n  f i r s t  pour = (2 '-6") + (0'-11") + (0'-4") + 

(1'-3") - (0 ' -3" )  = 4'-9" (provides 1'-3'' l a p )  

Horizontal S t e e l  

Use No. 4 a t  15, Length = 15 ' -3"  

S t e e l  i n  footing (1 t o  wal l )  (both faces )  

Use No. 4 a t  15, Length = 3'-6" 



I 
DOWNSTREAM ELEVATION 

3 C l q  Jewel pipe double T 
20-4 branch. See drfo , / .  ~ h e d  3 d 3  

CROSS-SECTION ALONG E 








